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ELECTRODE ASSEMBLY AND SECONDARY reversible material coating layer instead of a positive active 
LITHIUM BATTERY INCLUDING THE material layer present at the outermost portion of a positive 

SAME electrode positioned on opposite surfaces of the outermost 
portion of a stack structure - type electrode assembly , and a 

CROSS - REFERENCE TO RELATED secondary lithium battery including the same , in order to 
APPLICATION overcome a problem in the case in which a positive electrode 

obtained by mixing a high - capacity of non - reversible addi 
This application claims priority to and the benefit of tive with a positive active material is used . 

Korean Patent Application No. 10-2017-0164085 filed on 
Dec. 1 , 2017 , and Korean Patent Application No. 10-2018- 10 Technical Solution 
0151236 filed on Nov. 29 , 2018 in the Korean Intellectual 
Property Office , the entire contents of which are incorpo- According to an embodiment of the present invention , an 
rated herein by reference . electrode assembly is configured by alternately stacking two 

or more positive electrodes and one or more negative 
TECHNICAL FIELD 15 electrodes using a separator as a boundary therebetween , 

wherein outermost positive electrodes are positioned on 
The present invention relates an electrode assembly and a outermost opposite surfaces of the electrode assembly , 

secondary lithium battery including the same , and more respectively , each of the outermost positive electrodes 
particularly , to an electrode assembly for a high energy includes a positive electrode current collector , a positive 
secondary lithium battery and a secondary lithium battery 20 active material layer formed on one surface of the positive 
including the same . electrode current collector , and a non - reversible material 

coating layer formed on the other surface of the positive 
BACKGROUND ART electrode current collector and including lithium side , and 

the non - reversible material coating layer is positioned on an 
Along with technological development and increased 25 outermost surface of the electrode assembly . 

demands for various devices , demands for a secondary Here , the non - reversible material coating layer may fur 
battery as an energy source have been remarkably increased , ther include a catalyst , a conductive material , a binder , and 
and among such secondary batteries , a secondary lithium the like in addition to lithium oxide that is a non - reversible 
battery with high energy density and voltage , a long cycle material . 
lifespan , and a low self discharging rate has been commer- 30 Content of the catalyst , the conductive material , and the 
cially available and widely used . binder may be 10 to 50 wt % , 1 to 20 wt % , and 1 to 20 wt 

The secondary lithium battery generally uses lithium- % , respectively , based on a total weight of the non - reversible 
containing cobalt oxide ( LiC002 ) with a layered crystalline material coating layer . 
structure , lithium - containing manganese oxide such as The content may be appropriately selected according to a 
LiMnO , with a layered crystalline structure , and LiMn204 35 function thereof . 
with a spinel crystalline structure , or lithium - containing In this case , the lithium oxide may be Li202 , Li20 , 
nickel oxide ( LiNiO2 ) , as a positive active material . In Li NiO2 , or mixture thereof . 
addition , the secondary lithium battery uses a carbon - based Here , Li2O2 or Li2O may be removed after first charging 
material as a negative active material , and recently , along of a battery including the electrode assembly . 
with increase in demands for a high energy secondary 40 In detail , the lithium oxide may be Li_02 , or Li , NiO2 , and 
lithium battery , use of a mixture with a silicon - based mate- in more detail , may be removed Li2O2 . 
rial , or a silicon oxide - based material with available capaci- The negative electrode may include a silicon ( Si ) -based 
tance of 10 times or greater than a carbon - based material has material as a negative active material . 
been considered . In this case , the silicon - based material may be a complex 

For the development of a high energy secondary lithium 45 of silicon and silicon oxide , a silicon alloy , or a complex and 
battery according to a recent trend , it is required to use a silicon alloy of silicon oxide . 
negative electrode using a silicon - based material as a nega- Another embodiment of the present invention provides a 
tive active material . However , a negative electrode using a secondary lithium battery including an electrode assembly , 
silicon - based material has high non - reversible capacitance , a non - aqueous electrolyte for impregnating the electrode 
and thus , there is a problem in terms of low charging / 50 assembly , and a battery case for containing the electrode 
discharging efficiency . assembly and the non - aqueous electrolyte therein , wherein 

To overcome the problem , research has been conducted the electrode assembly is the electrode assembly as 
on a method of manufacturing a battery by applying a described above . 
positive electrode with which a high capacitance of non- The present invention may provide a battery module 
reversible additive , for example , Li20 , is mixed . However , 55 including the secondary lithium battery as described above 
as Li20 , is decomposed to discharge oxygen gas through as a unit battery , a battery pack including the battery module , 
first charging , a void is formed in the corresponding point , and a device including the battery pack as a power supply . 
and density of a positive electrode is lowered after first Here , the device may be an electric vehicle , a hybrid 
charging due to the formed void , and accordingly , there is a electric vehicle , a plug - in hybrid electric vehicle , or an 
problem in that energy density of a battery is lowered . 60 electric power storage system . 

) 
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a 

DISCLOSURE DESCRIPTION OF THE DRAWINGS 

Technical Problem 

An exemplary embodiment of the present invention pro 
vides an electrode assembly including a high - capacity non 

The attached drawings are for exemplary embodiments of 
65 the present invention and are for description of the principle 

of the present invention along with the detailed description , 
and the scope of the present invention is not limited thereto . 
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Shapes , sizes , scales , ratios , or the like of the attached tive electrode current collector 111 , a positive active material 
drawings of the specification may be exaggerated to empha- layer 112 formed on one surface of the positive electrode 
size clarity of the description . current collector 111 , and a non - reversible material coating 
FIG . 1 is a schematic diagram of a conventional electrode layer 113 formed on the other surface of the positive 

assembly 5 electrode current collector 111 and including lithium oxide , 
FIG . 2 is a schematic diagram of an electrode assembly and the non - reversible material coating layer 113 may be 

according to an exemplary embodiment of the present positioned on the outermost surface of the electrode assem 
invention . bly 100 . 
FIG . 3 is a schematic diagram of an electrode assembly The non - reversible material coating layer 113 including 

after charging according to an exemplary embodiment of the 10 lithium oxide is positioned on the outermost surface of the 
present invention . electrode assembly 100 and non - reversible material is not 

included in the positive active material layer , and thus , a 
MODE FOR INVENTION process of mixing the positive active material and the 

non - reversible material may not be required . 
The meaning of the terms used in the specification and the 15 In this case , the lithium oxide may be Li2O2 , Li20 , 

appended claims should not be construed as being confined Li2NiO2 , or a mixture thereof . to common or dictionary meaning , but should be construed Here , Li2O , and Li O may be removed after first charging 
as concepts not departing from the spirit and scope of the of a battery including the electrode assembly . This is shown 
present invention in order to describe the present invention in FIG . 3 . 
in the most appropriate way . Accordingly , the configuration 20 In the non - reversible material coating layer 113 including 
shown with regard to embodiments described in the speci- the lithium oxide of Li2O2 or Li20 , the materials may be 
fication is merely an embodiment of the present invention removed after first charging of a secondary lithium battery and does not represent every technological idea of the including the electrode assembly 100. In this case , lithium 
present invention , and thus , it would be understood that the oxide may be decomposed to lithium ions and oxygen gas 
present invention may be changed in various equivalent 25 and may be removed . The drawing is merely a schematic 
embodiments and modifications at a time point when the diagram for indicating a phenomenon whereby lithium oxide 
application is filed . is removed , and needless to say , an adduct such as a catalyst , To develop a high energy secondary lithium battery a conductive material , and a binder remains . 
according to demands of requirements of the art to which the When Li , NiO2 is used , the material may remain without 
present invention pertains , a negative electrode using a 30 change along with materials such as a catalyst , a conductive 
silicon - based material as a negative active material needs to material , and a binder . 
be used , and in this regard , the negative electrode has low The positive active material of the positive active material charging / discharging efficiency due to high non - reversible layer may include a lithium transition metal oxide repre capacitance , and thus , to overcome this , a positive electrode sented by the following formula 1 or 2 below . 
with which a high - capacity of non - reversible additive is 35 
mixed has been used . Li , M , Mn2-404–2A , ( 1 ) 
FIG . 1 is a schematic diagram of a conventional electrode In the above formula , assembly 10. Referring to the drawings , a high - capacity of 

non - reversible additive is mixed with a positive active M includes one or more elements selected from the group 
material layer , and in this regard , as a high - capacity of 40 consisting of Al , Mg , Ni , Co , Fe , Cr , V , Ti , Cu , B , Ca , Zn , 
non - reversible additive dispersed in a positive active mate Zr , Nb , Mo , Sr , Sb , W , Ti , and Bi ; 
rial layer is decomposed through first charging , a void is A includes one or more negative monovalent or negative 

bivalent ions ; formed in the corresponding point , and density of the and positive active material layer is lowered due to the formed 
void , and ultimately , there is a problem in that energy 45 0.95xs1.2 , 0 < y < 2 , and Osz < 0.2 . 
density of a battery is lowered . 

According to the present invention , a positive active ( 1 - x ) L?M'O2 - yAy - xLizMnO3 - yAy ,, ( 2 ) 

material and a high - capacity of non - reversible additive are In the above formula , 
not mixed , but the aforementioned problem according to the M ' is Mn M ) ; 
conventional art may be overcome by forming a non- 50 M includes one or more elements selected from the group 
reversible material coating layer instead of a positive active consisting of Ni , Ti , Co , Al , Cu , Fe , Mg , B , Cr , Zr , Zn , and 
material layer positioned on the outermost surface of an group 2 transition metals ; 
electrode assembly among positive electrodes positioned at A includes one or more selected from the group consisting 
the outermost portion of the electrode assembly . of negative ions of PO4 , BO3 , CO3 , F , and NO3 ; and 
FIG . 2 is a schematic diagram of an electrode assembly 55 0 < x < 1 , O < ys0.02 , O < y's0.02 , 0.5sas1.0 , Osbs0.5 , and 

according to an exemplary embodiment of the present a + b = 1 . 
invention . FIG . 3 is a schematic diagram of an electrode The positive active material layer may further include a 
assembly after charging according to an exemplary embodi- binder and a conductive material other than a positive active 
ment of the present invention . material . 

The present invention will be described in more detail 60 The positive electrode may be manufactured by coating 
with reference to the drawings . In an electrode assembly 100 and then drying an electrode mixture that is a mixture of a 
configured by alternately stacking two or more positive positive active material , a conductive material , and a binder 
electrodes 110 and one or more negative electrodes 120 with on a portion of one surface or opposite surfaces of a positive 
a separator 130 as a boundary , the outermost positive electrode current collector except for a plain portion , but not 
electrodes 110 may be positioned on the outermost opposite 65 on the outermost portion on which the non - reversible mate 
surfaces of the electrode assembly 100 , respectively , the rial coating layer is formed , and as necessary , a filler may be 
outermost positive electrodes 110 may each include a posi- further included in the mixture . 
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In addition to lithium transition metal oxide represented material in a fiber phase while a chemical change is not 
by formula 1 or 2 above , the positive active material may caused in the battery , and may use a material in a fiber phase , 
further include a layered compound such as lithium cobalt for example , an olefin - based polymer such as polyethylene 
oxide ( LiCo02 ) or lithium nickel oxide ( LiNiO2 ) , or a or polypropylene ; glass fiber , or carbonfiber . 
compound substituted with one or more transition metals ; 5 The negative electrode may be manufactured by coating 
lithium manganese oxide such as chemical formula Liit and then drying an electrode mixture that is a mixture of a 
xMn2-04 ( wherein x is 0 to 0.33 ) , LiMnO3 , LiMn 03 , or negative active material , a conductive material , and a binder LiMnO2 ; lithium copper oxide ( Li2Cu02 ) , vanadium oxide on a portion of one surface or opposite surfaces of a negative such as Liv , og , LiFe , 04 , V , 05 , or Cu V20 ,; Ni site - type electrode current collector except for a plain portion , and as lithium nickel oxide represented by chemical formula 10 necessary , a filler may be further included in the mixture . LiNi - M / 02 ( wherein M = Co , Mn , Al , Cu , Fe , Mg , B , or 
Ga , and x = 0.01 to 0.3 ) ; lithium manganese composite oxide The negative active material may include a silicon ( Si ) 

based material , and the Si - based material may be a complex represented by chemical formula LiMn2-4M02 ( wherein 
M - Co , Ni , Fe , Cr , Zn , or Ta , and x = 0.01 to 0.1 ) or of silicon and silicon oxide and / or a silicon alloy . 
LizMn3MO , ( wherein M = Fe , Co , Ni , Cu , or Zn ) ; lithium 15 In this case , the silicon - based material may be included in 
manganese composite oxide of a spinel structure represented 0.1 wt % to 30 wt % based on a total weight of the negative 
by LiNi Mn2-404 ; LiMn204 in which an Li portion of the active material . 
chemical formula is substituted with alkaline - earth metal The negative active material may further include a car 
ions ; disulfide compound ; Fe2 ( M004 ) 3 , and so on , but are bon - based material , and the carbon - based material may be 
not limited thereto . 20 included in 70 wt % or greater to 99.9 wt % or less based on 

In this case , lithium transition metal oxide represented by a total weight of a negative active material , and accordingly , 
formula 1 or 2 above may be included in 60 wt % to 100 wt the carbon - based material may include one or more selected 
% based on a total weight of the positive active material . from the group consisting of crystalline artificial graphite , 

In general , the positive electrode current collector may be crystalline natural graphite , amorphous hard carbon , low 
formed to a thickness of 3 to 500 um . The positive electrode 25 crystalline soft carbon , carbon black , acetylene black , ketjen 
current collector is not particularly limited as long as a black , super P , graphene , and fiber - phase carbon , and in 
corresponding battery has high conductivity while a chemi- detail , may be crystalline artificial graphite and / or crystal 
cal change is not caused in the battery , and for example , may line natural graphite . 
be formed of stainless steel , aluminum , nickel , titanium , In addition to the carbon - based material and the Si - based 
bake carbon , or aluminum , or a material formed by surface- 30 material , the negative active material may further include 
processing a surface of stainless steel with carbon , nickel , metal composite oxide such as Li Fe203 ( 0sxsl ) , Li WO2 
titanium , silver , or the like . A current collector may have fine ( 0sxsl ) , Sn , Me - Me ' , 0 , ( Me : Mn , Fe , Pb , Ge ; Me ' : A1 , B , 
protrusions and depressions formed on a surface thereof to P , Si , group 2 , or 3 elements in the periodic table , halogen ; 
enhance adherence of a positive active material , and may be O < xsl ; 1sys3 ; 1szs8 ) ; lithium metal ; lithium alloy ; silicon 
formed in various forms such as a film , a sheet , a foil , a net , 35 based alloy ; tin - based alloy ; metal oxide such as Sno , SnO2 , 
a porous body , a foaming body , and a non - woven fabric PbO , PbO2 , Pb2O3 , Pb304 , Sb2O3 , Sb204 , Sb2O5 , Geo , 
structure . GeO ,, Bi 03 , Bi , O4 , and Bi Os ; a conductive polymer such 

In general , the conductive material may be added in 1 to as polyacetylene ; an Li - Co - Ni - based material ; titanium 
50 wt % based on a total weight of a mixture including a oxide ; lithium titanium oxide , and the like , and is not limited 
positive active material . 40 thereto . 

The conductive material is not particularly limited as long In general , the negative electrode current collector 
as a corresponding battery has high conductivity while a included in the negative electrode may be formed to a 
chemical change is not caused in the battery , and for thickness of 3 to 500 um . The negative electrode current 
example , may use a conductive material including graphite collector and the extension current collector are not particu 
such as natural graphite or artificial graphite ; carbonblack 45 larly limited as long as a corresponding battery has a 
such as carbonblack , acetylene black , ketjen black , channel conductivity while a chemical change is not caused in the 
black , furnace black , lamp black , or thermal black ; conduc- battery , and for example , may be formed of copper , stainless 
tive finer such as carbon fiber or metal fiber ; metal powder steel , aluminum , nickel , titanium , or bake carbon , or a 
such as fluoro carbon , aluminum , or nickel powder ; con- material formed by surface - processing a surface of copper or 
ductive whisky such as zinc oxide and potassium titanate ; 50 stainless steel with carbon , nickel , titanium , silver , or the 
conductive metal oxide such as oxidation titanium ; and like , or may use an aluminum - cadmium alloy or the like . 
polyphenylene derivative . Like the positive electrode current collector , the negative 

The binder may be a component that facilitates coupling electrode current collector and the extension current collec 
of an active material , a conductive material , and so on , and tor may have fine protrusions and depressions formed on a 
coupling of a current collector , and in general , may be added 55 surface thereof to enhance adherence of a negative active 
with 1 to 50 wt % based on a total weight of a mixture material , and may be formed in various forms such as a film , 
including a positive active material . An example of the a sheet , a foil , a net , a porous body , a foaming body , and a 
binder may include poly vinylidene fluoride , polyvinylalco- non - woven fabric structure . 
hol , carboxymethyl cellulose ( CMC ) , starch , hydroxypropyl The separator may be interposed between the positive 
cellulose , regenerated cellulose , polyvinylpyrrolidone , tet- 60 electrode and the negative electrode and may be formed of 
rafluoroethylene , polyethylene , polypropylene , ethylene- an insulating thin film with high ion transmittance and 
propylene - diene terpolymer ( EPDM ) , sulfonate EPDM , sty- mechanical strength . In general , the separator may have a 
rene butylene rubber , fluorine rubber , and various pore diameter of 0.01 to 10 um and a thickness of 5 to 300 
copolymers . um . The separator may use , for example , a sheet , non - woven 

The filler may be selectively used as a component for 65 fabric , or the like formed of an olefin - based polymer such as 
suppressing expansion of a positive electrode , and is not chemical resistance and hydrophobic polypropylene ; glass 
particularly limited as long as the filler is formed of any fiber or polyethylene , and the like . When a solid electrolyte 
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such as a polymer is used as the electrolyte , the solid dielectric solvent and linear carbonate of DEC , DMC , or 
electrolyte may also function as a separator . EMC that is a low viscosity solvent . 

According to another aspect of the present invention , a According to another aspect of the present invention , a 
secondary lithium battery includes an electrode assembly , a device may include a battery module including the second 
non - aqueous electrolyte for impregnating the electrode 5 ary lithium battery as a unit battery , a battery pack including 
assembly , and a battery case for containing the electrode the battery module , and a device including a battery pack as 
assembly and the non - aqueous electrolyte therein , and the a power supply 

Here , an example of the device may include an electric electrode assembly is the electrode assembly according to vehicle , a hybrid electric vehicle , a plug - in hybrid electric 
the present invention . vehicle , or an electric power storage system , but is not 

Here , the non - aqueous electrolyte may include a non- limited thereto . 
aqueous electrolyte and lithium salt , and the non - aqueous Hereinafter , embodiments will be described in detail for 
electrolyte may use a non - aqueous organic solvent , an description of the present invention . However , the embodi 
organic solid electrolyte , an inorganic solid electrolyte , or ments of the present invention may be embodied in many 
the like , but is not limited thereto . different forms and should not be construed as being limited 

to the embodiments set forth herein . The embodiments of the The non - aqueous - based organic solvent may use an apro present invention are provided so that this invention will be tic organic solvent , for example , N - methyl - 2 - pyrrolidinone , thorough and complete , and will fully convey the concept of propylene carbonate , ethylene carbonate , butylene carbon the invention to those skilled in the art . 
ate , dimethyl carbonate , diethyl carbonate , gamma - butilo 
lactone , 1,2 - dimethoxy ethane , tetrahydroxy franc , 2 - methyl 20 Example 1 
tetrahydrofuran , dimethylsulfoxide , 1,3 - dioxolane , forma 
mide , dimethylformamide , dioxolane , acetonitrile , A positive electrode formation composition was prepared 
nitromethane , formic acid methyl , methyl acetate . phos by mixing a positive active material ( LiNi..4C00.3Mn , 302 ) , 
phoric acid triester , trimethoxy methane , dioxolane deriva a carbon black conductive material , and a PVdF binder with 
tive , sulfolane , methyl sulfolane , 1,3 - dimethyl - 2 - imidazoli- 25 an N - methylpyrrolidone solvent with a weight ratio of 
dinone , propylene carbonate derivative , tetrahydrofuran 90 : 5 : 5 , the positive electrode formation composition was 
derivative , ether , pyropionic acid methyl , or ethyl propi coated to a thickness of 100 um on one surface of an 

aluminum current collector with a thickness of 20 um , a onate . non - reversible material layer formation composition was The organic solid electrolyte may use a polymer includ ing , for example , polyethylene derivative , polyethylene 30 prepared by mixing a mixture obtained by Lio , and a Pt catalyst in a ratio of 1 : 1 , carbonblack , and PVdF in a weight oxide derivative , polypropylene oxide derivative , phos ratio of 8 : 1 : 1 , and the non - reversible material layer forma phoric acid ester a polymer , poly agitation lysine ( agitation tion composition was coated to a thickness of 10 um on the lysine ) , polyester sulfide , polyvinyl alcohol , polyvinylidene , , other surface of the aluminum current collector and then 
fluoride , or ionic dissociable group . dried at 130 ° C. to prepare a positive electrode . 

The inorganic solid electrolyte may use , for example , 35 A negative electrode formation composition was prepared 
nitride , halide , sulfate , or the like of Li such as LizN , Lil , by mixing a mixture obtained by mixing mesocarbon micro 
LisNI ,, LizN — Lil - LiOH , LiSiO4 , LiSi04 - Lil — LiOH , bead ( MCMB ) as artificial graphite and SiO in a weight ratio 
Li2SiS3 , Li_Si04 , Li_Si04 Lil LiOH , and LizPO4 of 95 : 5 as a negative active material , a carbonblack con 
Li , SSiS , ductive material , and a PVdF binder with a N - methylpyr 
The lithium salt may be a material that is appropriately 40 rolidone solvent in a weight ratio of 85 : 10 : 5 , was coated to 

dissolved in a non - aqueous based electrolyte and may use , a thickness of 100 um on opposite surfaces of a copper 
for example , LiCl , LiBr , Lil , LiC104 , LiBF4 , LiB , C110 , current collector with a thickness of 20 um , and then , was 
LiPF , LiCF3SO3 , LiCF3CO2 , LiAsF . , LiSbF . , LiA1C14 , dried at 130 ° C. to manufacture a negative electrode . 
CH3SO3Li , ( CF2S02 ) NLi , chloro borane lithium , lower A separation membrane of porous polyethylene was inter 
aliphatic carbonic acid lithium , 4 phenyl boric acid lithium , 45 posed between the positive electrode prepared as described 
or imide . and a negative electrode to prepare a bicell with a positive / For example , pyridine , triethylphosphite , triethanolamine , negative / positive electrode structure in which a non - revers 
cyclic ether , ethylene diamine , n - glyme ( glyme ) , hexa phos- ible material layer is disposed at the outermost portion as 
phoric acid tri amide , nitrobenzene derivative , sulfur , qui- shown in FIG . 2 , the electrode assembly was positioned in 
none imine dye , N - substituted oxazolidinone , N , N - substi- 50 a case , and then , an electrolyte was injected into the case to 
tuted imidazolidine , ethylene glycol dialkyl ether , prepare a secondary lithium battery . In this ca se , the 
ammonium salt , pyrrole , 2 - methoxy ethanol , aluminum electrolyte was prepared by dissolving lithiumhexafluoro 
trichloride , or the like may be added to the lithium salt phosphate ( LiPF ) with concentration of 1.15 M in an containing non - aqueous electrolyte in order to enhance organic solvent including ethylenecarbonate / dimethylcar 
charge and discharge characteristics , flame retardant , and so 55 bonate / ethylmethylcarbonate ( mixing volume ratio = 3 / 4 / 3 of 
on . As necessary , to achieve non - combustibility , the lithium EC / DMC / EMC ) . salt - containing non - aqueous electrolyte may further include 
a halogen - containing solvent such as carbon tetrachloride or Example 2 
trifluoride ethylene , and to improve keeping high tempera 
ture characteristic , the lithium salt - containing non - aqueous 60 A secondary lithium battery was prepared in the same 
electrolyte may further include dioxidationcarbonate gas manner as in Example 1 except that Li2NiO2 was used as a 
and may further include fluoro - ethylene carbonate ( FEC ) , material included in a non - reversible material layer . 
propene sultone ( PRS ) , or the like . 

As one detailed example , a lithium salt - containing non Comparative Example 1 
aqueous electrolyte may be manufactured by adding lithium 65 
salt such as LiPF6 , LiC104 , LiBF4 , or LiN ( SO2CF3 ) 2 to a A secondary lithium battery was prepared in the same 
mixed solvent of cyclic carbonate of EC or PC that is a high manner as in Example 1 except that a positive electrode 

: 

: 

69 69 6 

: 



5 

15 

20 

US 11,329,290 B2 
9 10 

formation composition was coated to a thickness of 100 um The invention claimed is : 
on a section area of an aluminum current collector instead of 1. An electrode assembly configured by alternately stack 
formation of a non - reversible material layer . ing two or more positive electrodes and one or more 

negative electrodes with a separator as a boundary therebe Comparative Example 2 tween , 
wherein : 

A secondary lithium battery was prepared in the same outermost positive electrodes are positioned on outermost 
manner as in Example 1 except that a positive electrode opposite surfaces of the electrode assembly , respec 
formation composition was prepared by mixing a positive tively ; 
active material ( LiNi..4C00.3Mn0302 ) , a non - reversible 10 each of the outermost positive electrodes includes a 
additive ( Li202 ) , a carbonblack conductive material , and a positive electrode current collector , a positive active 
PVdF binder with a N - methylpyrrolidone solvent in a material layer disposed on one surface of the positive 
weight ratio of 90 : 5 : 2.5 : 2.5 and a positive electrode was electrode current collector , and a non - reversible mate 
manufactured by coating the positive electrode formation rial coating layer disposed on an opposite surface of the 
composition to a thickness of 100 um on a section of an positive electrode current collector and including 
aluminum current collector . lithium oxide as a non - reversible material ; 

the non - reversible material coating layer is positioned on 
Experimental Example an outermost surface of the electrode assembly ; 

the lithium oxide comprises one selected from the group 
With regard to the secondary lithium batteries prepared in consisting of Li202 , Li20 , Li , NiO2 , and mixtures 

thereof ; and Examples 1 and 2 and Comparative Examples 1 and 2 , an wherein the positive active material layer does not include achieved capacitance value in the case of charging when an the non - reversible material . initial cycle proceeds under a current condition of C - rate of 2. The electrode assembly of claim 1 , wherein : 0.1 in the range of a voltage of 2.50 V to 4.20 V. the lithium oxide comprises Li2O2 or Li2O , and 
the non - reversible material coating layer does not include 

TABLE 1 Li202 or Li20 after first charging of a battery due to a 
Charge capacitance ( mAh / g ) decomposition of Li2O2 or Li20 into a lithium ion and 

oxygen gas . 
Example 1 3. The electrode assembly of claim 1 , wherein : Example 2 the negative electrode includes a silicon ( Si ) -based mate Comparative Example 1 
Comparative Example 2 rial as a negative active material . 

4. The electrode assembly of claim 3 , wherein : 
the silicon - based material comprises one selected from As seen from Table 1 above , capacitance is increased 35 the group consisting of a complex of silicon and silicon 

when a secondary lithium battery is manufactured according oxide ; a silicon alloy ; and a mixture of the complex and 
to the present invention . This means that energy density is the silicon alloy . 
increased . 5. The electrode assembly of claim 1 , wherein the non 

Particularly , when the non - reversible additive is mixed reversible material is Li NiO2 . 
with the positive active material to form an active material 40 6. The electrode assembly of claim 1 , wherein the positive 
layer , capacitance may be more seriously degraded . active material layer includes a positive active material that 

includes a lithium transition metal oxide represented by the 
DESCRIPTION OF SYMBOLS formula 1 or 2 : 

25 

a 

30 231.2 
230.8 
226.6 
221.5 

a 

a 

45 10 , 100 : electrode assembly 
11 , 110 : positive electrode 
12 , 120 : negative electrode 
13 , 130 : separator 
111 : positive electrode current collector 
112 : positive active material layer 
113 : non - reversible material coating layer 

Li , M , Mn2-04 - ZA , 
wherein in formula ( 1 ) , 
M includes one or more elements selected from the 

group consisting of A1 , Mg , Ni , Co , Fe , Cr , V , Ti , Cu , 
B , Ca , Zn , Zr , Nb , Mo , Sr , Sb , W , Ti , and Bi ; 

A includes one or more negative monovalent or nega 
tive bivalent ions ; and 

0.9sxs1.2 , 0 < y < 2 , and Osz < 0.2 , or 

50 

INDUSTRIAL APPLICABILITY 

According to the present invention , a non - reversible 55 
material coating layer including lithium oxide may be 
included instead of a positive active material layer present at 
the outermost portion of a positive electrode positioned on 
opposite surfaces of the outermost portion of a stack struc 
ture - type electrode assembly , thereby increasing energy den- 60 
sity of a battery . 

Particularly , unlike in the conventional art , a positive 
active material layer may not include a non - reversible 
additive , and thus , the conventional problem in terms of a 
void formed in a positive electrode and a phenomenon 65 
whereby energy density of a battery is degraded due to the 
problem may be overcome . 

LiM'O2__Ay - xLizMnO3 - yAy ( 2 ) 

wherein in formula ( 2 ) , 
M ' is Mn M .; 
M includes one or more elements selected from the 

group consisting of Ni , Ti , Co , Al , Cu , Fe , Mg , B , Cr , 
Zr , Zn , and group 2 transition metals ; 

A includes one or more selected from the group con 
sisting of negative ions of PO4 , BO3 , CO3 , F , and 
NOz ; and 

0 < x < 1 , 0 < ys0.02 , 0 < y's0.02 , 0.5sas1.0 , Osbs0.5 , and 
a + b = 1 . 

7. The electrode assembly of claim 6 , wherein the lithium 
transition metal oxide represented by formula 1 or 2 
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included in the positive active material layer is in an amount coating the electrode mixture on a portion of one surface 
of 60 wt % to 100 wt % based on a total weight of the positive of a positive electrode current collector to form a 
active material . positive active material layer , and 

8. The electrode assembly of claim 1 , wherein the positive forming a non - reversible material coating layer on an 
electrode current collector has a thickness of 3 to 500 um . opposite surface of the positive electrode current col 9. A secondary lithium battery comprising : lector as a outermost potion of the positive electrode , the electrode assembly of claim 1 ; wherein a non - aqueous electrolyte which impregnates the elec the non - reversible material coating layer comprises a trode assembly ; and lithium oxide as a non - reversible material ; a battery case containing the electrode assembly and the 10 the lithium oxide comprises one selected from the group non - aqueous electrolyte therein . 

10. A battery module comprising the secondary lithium consisting of Li_02 , Li , O , Li , NiO2 , and mixtures 
thereof ; and battery of claim 9 as a unit battery . 

11. A battery pack comprising the battery module of claim wherein the positive active material layer does not include 
the non - reversible material . 10 . 

15. The method of claim 14 , wherein : 12. A device comprising the battery pack of claim 11 that the lithium oxide comprises Li2O2 or Li2O , and is a power supply of the battery module . 
13. The device of claim 12 , wherein : the Li2O2 or Li20 is removed from the non - reversible 
the device comprises one selected from the group con material coating layer after first charging of a battery by 

sisting of an electric vehicle , a hybrid electric vehicle , 20 decomposition of Li2O2 or Li20 into lithium ions and 
a plug - in hybrid electric vehicle , and an electric power oxygen gas . 

16. The method of claim 14 , wherein the non - reversible storage system . 
14. A method of preparing a positive electrode , compris material is not included in the positive active material layer . 

17. The method of claim 14 , wherein the non - reversible ing : material is Li Ni02 preparing an electrode mixture comprising a positive 
active material , a conductive material , and a binder ; 

15 
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